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NATURE AND EXPLANATION OF THE “MOTOR 
EFFECT” IN THE AJAX-WYATT FURNACE.” 
E. F. NORTHRUP, Ph.D., 
Palmer Physical Laboratory, Princeton University. Member of the Institute. 
DR. CARL HERING read a paper May 3, 1907, before the 
American Electrochemical Society, on the limitations of resistance 
furnaces due to the “ Pinch ” phenomenon, which he was the 
first to observe in electric furnaces. He read another paper May 
6, 1909, before the same society, which he entitled, “ The Working 
Limit in Electric Furnaces, Due to the ’ Pinch ’ Phenomenon.” 
The writer of the present article presented a paper at the New 
York meeting of the Physical Society, March 2, 1907, which 
was published in the Physical Review, in June, 1907. The paper 
was entitled, “ Some Newly Observed Manifestations of Forces in 
the Interior of an Electric Conductor.” 
IJp to the time these papers were published few if any 
recognized that the passage of a high-density current through a 
liquid conductor produced motions in the liquid. It has since 
come to be recogniPed that when a high-density current, direct or 
alternating, flows in a liquid conductor, motions of the liquid 
of considerable magnitude are always produced. 
The following analysis considers the nature and cause of the 
fluid motion which occurs at the apex of a fluid triangular con- 
ductor. The Ajax-Wyatt furnace makes use of the fluid motion 
thus produced to circulate molten brass in the triangular-shaped 
resistor employed. This furnace is now so well known and has 
been so fully described elsewhere, that further reference to it 
will not here be n1ade.l 
__-.___ 
*Communicated by the Author. 
‘For a description of this furnace see “The Melting of Brass in the 
Induction Furnace,” by G. H. Cl amer, Jour. of the American Iwtitutc of 
Metals, vol. xi, No. 3. 
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SECTION I. 
DERIVATION OF FORMULA FOR CALCULATING THE MECHANICAL INTER- 
ACTION BETWEEN ELECTRIC CONDUCTORS WHICH FORM A TRIANGULAR 
CLOSED CIRCUIT. 
Let a cm-rent i be induced in the circuit (see Fig. I ). 
Let Ht = the strength of the magnetic field at a point v on 
the conductor 0 - Q which results from the conductors 0 -P 
and Q-P. 
FIG. I. 
Let Y = the distance from v to any point on the conduc- 
tor 0 -P. 
Let de= an elementary angle having its apex at ‘u and its 
base on 0 -P. 
Then : 
ird0 id8 
dH,=T= __ 
Y 
(1) 
as 
a sina 
p = rcos0 = asina,r = cos-li_, 
Dec., 19x1.] 
hence 
&L-Z cos 0 d 0 
a sina 
(2) 
J‘ 
8, 
H, = A costId = L 
a sin= 
sin e, 
a sin= 
(3) 
I-I] is the magnetic force it r_~ contributed by the length I&’ - P 
of the side 0 -P. 
Let I-Z, be the magnetic force at v contributed by the length 
0 -- $5’ of the side 0 - .P. 
Then, as above : 
dI12 = z 
a sinx 
COS 81 d fh 
where 0, is the angle r makes with p: 
x .--- a 
2 
cos&d& = 
or 
Hz = L = - cotan a 
a tana a 
The total magnetic force at the point v contributed by the 
side 0 -P is H = H, + H,, or 
H = H2+H~ = 2 (cosa +sin8,) 
a sina 
(5) 
To find the force H1 contributed by the side & -P, we merely 
have to change in Eq. (5) a into b and a into /3, when we have : 
Hz = 13 + H’ = i [k&(COsK •k Sin 6,) -I- ~:~~(cos 9 + sin H,‘)] (6) 
To be able to obtain numerical results, it is necessary to ex- 
press sin et and sin 6 in terms of the known quantities a, L,a and 
b, S, 8. 
This may be done as follows : 
Call E the distance from v to P. 
p = E cos tit = a sin a, hence 
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a sina 
cos e, = ___ 
E 
cos2et = 
a2 sin2a ____ 
E= ’ 
and 
1 - cos2e* = 
E2 - a2 sin2 Cc -_ 
E= ’ 
or 
sh20t = 
E2 - a2 sin2 Cc 
E" 
[J. F. I. 
(7) 
(5) 
Also, 
E2 = (L - a cos Cc )" j- p2 = (L - a coscC )' f U* sida 
from which we find: 
E2 = L2 - 2aL cosa -j- a2 (9) 
Putting this value of E2 in (8), we derive finally : 
sin e, = 
L -. ac0sa 
[az+L (L - zacos'~)]% (IO) 
By changing L into S, n into b, and a into ,@ we also have : 
S - b cos p 
sin “’ = [ b2 + S (S - 2b cos ,k?) ] % (II) 
Place these values of sin et and sin 6 in Eq. (6) and we obtain : 
L - a coscC 
I” = i {*[‘Osa + [a’ +L (L - 2a c0sa)p] + 
I 
cos P + 
S - b cos p -_ 
b sin p lb2 + .S (S - 2b COS~)]~ 1 (12) 
Equation (12) expresses the magnetic force at any point v on 
the side 0 - Q of triangular circuit in which this force is due 
to the current in the sides 0 -P and Q -P. 
We shall treat the case in which the triangle is equilateral. 
Then ,L3 = a and S = L, and Eq. (12) becomes 
c0sa + L - ac0sa 
da?+L (L-2acosoc) + 
L - b cosa ~-- 
d b* + L (L - 2b cosa 
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The nzechunical force which acts to move an element of 
length Aa of a conductor carryin g a current i acts at right a*zgles 
to the length of the element An and is numerically equal to the 
strength of the magnetic field, to the current i carried by the 
element of th,e conductor, and to the length of the element. Or: 
Al; = i&liI+ (14) 
(Consult Maxwell: “Treati e on Electricity and Magnetism.” Vol. II, Arts. 
52-‘, 597, 507.) 
Put the.value Ht’ from Eq. (13) in Eq. (14) for Ht and we 
obtain the mechanical force which acts to move at right angles 
to itself the element of the conductor, AU. Thus : 
i2 n a I;‘=__ cos= L - a cosa COSK 
sin Cc [ 
a+- 
a +Lz+L(L - 2acosa) 
-+----- 
b + 
L - b cm= 
h db2 + L (L- 2bcoscc) 
(IS) 
For convenience call : 
i2 a a c0sa 
-------_~ c.__= ‘4. 
sina n 
L - n cosa c0sa 
“1/az+L (L-222c0sa) 
= B; ----= ‘4’. 
b 
L - b cOsa 
bdb’+L(L -2bcosa) 
B’ 
Then write : 
F’=C (:l+B+.T+B’) (IhI 
The two terms A, B, express the contribution to the force 
given by the side 0 -P; and the two terms, A’, B’, express the 
contribution to the force given by the side Q -P. There is no 
action to move the element A a by the side 0 - a. 
NUMERICALRESULTSCALCULATEDBYTHEAIDOFEQUATIONS (16)hND(16). 
We assume the following values for the constants: 
i = 800 electromagnetic C.G.S. units = 8000 amperes. 
i* = 64 x 10~; na = unit of length = I cm. 
L = 40 cm.; K = 3 = 63O = ?- radians. 
3 
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The force is calculated for values of a and b given in the 
table below : 
a b A B A’ B’ C F’ F’ 
cm. cm. dynes kilograms 
2.5 37.j .200 .4 .0133 .0146 739 X 10~ 463900 0.473 
5.0 35.0 .I00 .I’$% .0143 .0170 739 X IO3 243870 0.249 
7.5 32.5 .0666 .1313 .0153 .oIgg 739 X 10~ 172200 0.176 
10.0 300 ,050 .O97I .0167 .0231 739 X 10~ 138100 0.141 
12.5 27.5 .040 ,076~ .o181 .o26g 739 X 10~ IIQOOO 0.121 
15.0 25.0 .0333 .o6Ig .0200 .0314 739 X 10~ 108300 0.110 
20.0 20.0 .OZj .0433 .02 j0 .OJ33 739 x IO3 10l000 0.103 
SECTION .II. 
PHESSURE PRODUCED IN A NARROW STRIP WHICH CARRIES AN 
ELECTRIC CURRENT. 
Let a - b (Fig. 3) be a plane on the middle line through the 
strip normal to its greater width and parallel with its length, 
assumed very great as compared with the other dimensions of 
the strip. 
The fo’rce of attraction of a linear conductor of infinite length 
carrying a current YC, upon a unit length of a parallel co,nductor 
carrying a current i and distant r from the first, is : 
2ij, 
l;=- (1) 
r 
(Maxwell, “Treatise on Electricity and Magnetism.” Vol. II. Art. 495.) 
* 
Let I = total current carried by the strip. 
W = thickness of strip. 
R, = 2X = width of strip. 
The current i,, carried b’y a portion of the strip of width 2~ is : 
I-l,ence : 
(2) 
The current carried by a strip of width dr is given by: 
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Hence : 
di =$dr = fdr (3) 
i 
The force which attracts a unit length of the element dv 
carrying the current di is : 
adii, 
*.+ + 
dF= ___= - i i = _ 41’ F dr 
(4 
r r 
The minus sign signifies that the force diminishes as Y in- 
creases and that it acts toward the plane a - b. 
The intensity of the force, or force per unit area, is: 
dF II2 dr -_=dg=-- 
W VR (2 (5) 
The intensity of the force at distance r from the plane a - b is : 
The pressure, which is directed chiefly toward the plane a - b 
is, on the surface of this plane: 
9,) is the pressure per unit area which acts upon the median 
plane n - b. In calculating this pressure, if I is taken in C.G.S. 
electromagnetic units, and IV and Rt in centimetres. gi, will be 
in dynes per square centimetre. 
NUMERICAL CALCULATION OF THE PRESSURE. 
For constants choose : 
I = 800 electromagnetic C.G.S. units = 8000 ampxes. 
11: = 1.5 c.m.; R, = 7.6 c.m.; 12 = 64x 10’ 
Then, by equation (f), the pressure at the plane a - b is : 
2 x 64 XIO~ 
g,= ---- I.5 x 7.6 
= - 112280 dynes per cm.* 
the minus sign meaning that this force is directed toward the 
median plane. 
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The total force which acts per centimetre length of the strip 
on the median plane is: 
112280 x 1.5 = 168420 dynes. 
Expressed in kilograms these pressures are, respectively, 
0.1145 and 0.1717. 
By means of equation (6) vVe find the intensity of the force 
to have the following values at distances r, given in column I. 
in th,e table below : 
TABLE I. 
6 
in 
kilos 
0 I 12280 0.1135 0.1717 
0.5 97530 0.0995 0.1492 
1.0 82760 0.0840 0.1260 
I.5 68000 0.0693 0.1040 
2.0 j3200 0 0543 0.0814 
2.3 38420 0.0392 0.0 j88 
3.0 23650 O.OZ‘fI 0.0361 
3.5 8868 0 0090 0.0135 
3.8 0 0 0 
g in lbs. 
P‘= 
sq. inch 
1.629 
1.416 
I.195 
0.986 
0.773 
0.558 
0.343 
0.128 
0 
SECTION III. 
NECESSARY ASSUMPTIONS MADE IN DERIVING EQUATION (I?,), SECTION I. 
In order to derive a formula to calculate the forces set up by 
electromagnetic action upon one small portion of a conductor by 
the remainder of the circuit, it is necessary to assume the circuit 
to have some simple geometrical form. The geometrical form 
bvhicll most closely approximates the actual case which we have 
to consider and which can be handled mathematically, is an eclui- 
lateral triangle. 
If in equation (6) we place a = 0 and b = 40 the equation 
gives HI equals infinity. This does not show that the equation 
is unsuited for calculating the magnetic force, because in the 
actual case the current does not flow toward, and from, a mathe- 
matical point where two straight lines meet in an angle, but flows 
~o~mcl a bend of considerable radius of curvature; and if it were 
possible to take this’ curvature into account in the calculation ir 
\\:oultl be found that the force is finite and not far different in 
value from the force which is calculated at a distance of 1 or 5 
centimetres from an apex of the triangle. 
It is further necessary to assume, to make a calculation prac- 
ticabl,e, that the entire current flows along a, mathematical line 
located on the axis of the conductor. This is indicated by the 
triangle drawn in clotted line in Fig. 2. In the actual case the 
force which acts’ on current-elements lying along the inside of 
the trialigl,e will exceed, by a small amount, the force acting on 
current-elements which lie along the outside of the triangle. 
11”hile in deriving a. formula, it is neccssarv to assume that 
the current flows in a triangle, the small value of the terms, A’, 13’. 
as compared with the terms A, B, in equation (16), shows that 
only a small deviation from the actual conditions is made by 
assuming the circuit of triangular form. Thus, for II -2.5, 
A’ t- B’ = 0.0279, and A + B = 0.6. A’ + B’ contribute thus only 
about _r.$ per cent. toward the who’le force acting It is, there- 
fore, of small consequence upon the result xvhether we assume 
the side 0 - P (Fig. I ) is a straight line which compl,etes the 
triangle or wh,ether this sitle is a semi-circular arc. 
Since the actual conductor is 7.6 cm. deep in a direction per- 
pendicular to the plane of the thawing (Fig. 2) and only 1.5 cm. 
wide, the tli~cvclzcc between the force acting upon the outside 
triangular surface and the force acting- upon the inside triangular 
surface is very small, At a distance of 7.5 cm. from the agex of 
the angle shown in dotted line, I estimate this difference to 1~ 
about 0.036 kilogram, or 0.00473 kilogram per cm. The diff,er- 
ence in pressure between the outside edge and the median plane 
of the conductor, in the direction vertical to the plane of the 
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drawing, due to the mutual attraction of the current elements 
in the co’nductor, is 0.1145 kilogram per cm. Thus the effective 
pressure-difference over a plane nor~nal to the length of the 
conductor, due to the mutual attraction of current-elements, is 
in the neighblorshood of 24 times the pressure-difference over the 
FIG. 2. 
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plane which would be set up by the mutual repulsion between the 
two limbs of the conductor at a distance of 7.5 cm. from the apex 
of the triangle represented in dotted line in Fig. 2. 
The forces of mutual repulsion between any two sides of the 
triangle are greatly modified in the actual case by the field which 
results from the leakage lines from the transformer. This cir- 
cumstance alone will greatly modify any estimate based on calcu- 
lation of the repellent forces and the pressure-difference forces 
produced by the action of one limb of the circuit upon another. 
NECESSARY ASSUMPTIONS MADE FOR DEDUCING EQUATION (@,SECTION II. 
In deducing Eq. (6) it has been assumed that the force 
of attraction which acts upon a strip dr infinitely thin, carrying 
a current element di, acts only toward, and normal to, the median 
plane n- 15 (Fig. 3). ln reality, a force of attraction is also 
ITIC. 3. 
/- dr 
R ,I r 
d ‘; $ b 
Rt 
r I 
R 
” I: 
L-J W 
exerted between opposite ends of such strip. Thus the actual 
force on the current element di is the res,ultant of two components, 
one very much smaller than the other. If the integration were 
made for this resultant force (a very complicated process) it 
vvould be found that the pressure is not quite normal on the plane 
n - 0 but is directed slightly toward the centre longitudinal axis 
of the conductor. If th,e conductor had a square cross-section, so 
that I&’ = Rt, then there would be as much pressure at its centre 
direct,ed along the horizontal as along the vertical (Fig. 3). The 
intensity of the force at the centre would be then more nearly 
represented by the formula, 9 =$, where S is the area of the 
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cross-section of the conductor. However, if W is small as com- 
pn?ed with Xt, as in the actual case, Eqs. (6) and (7) give 
tile intensity of the force to a very close approximation and may 
be used safely to calculate the pressure per unit area set up 
by the mutual attraction of the current elements in the sin- 
gle conductor. 
As is shown, tendency to fluid-motion, which results from 
mutual attraction of current elements, depends upon difference 
in pressure between two points on a plane through the conductor 
normal to its length. This difference in pressure between centre 
and edge of the strip-conductor, due to the mutual attractions of 
current elements in the conductor, can be calculated with good 
precision by Eqs. (6) and (7). With 8000 amperes this pres- 
sure-difference will be, as shown, as much as 1.6 pounds per 
square inch. 
SECTIOh’ Iv. 
NATURE OF THE HYDRODYNAMIC FORCES DEVELOPED BY THE ELECTRO- 
DYNAMIC FORCES WHICH ARISE FROM THE ACTION OF THE 
ENTIRE CIRCUIT UPON ANY SHORT SECTION OF THE LENGTH OF 
THE CONDUCTOR. 
To understand the nature of these forces, conceive the 
V-shaped conductor to lie in a vertical plane, with one limb of 
the conductor in a horizontal position, as drawn in Fig. 4. Con- 
ceive further that the horizontal limb of the conductor is divided 
by planes normal to the length of the conductor-limb into sections 
separated from each other by the unit of length; in this case one 
centimetre. Conceive these planes to be mad,e of thin, solid-metal 
sheet. The conductor limb will now be divided up into sections 
a, b, c, d, etc., which are I cm. wide, 1.58 cm. high and 7.6 cm. 
deep. Take the data from Fig. 2, Section I, and draw a curve 
A, C, B (Fig. 4)) such that lines drawn from the middle of the 
lower side o’f each of the sections a, b, c, d, etc., normal to this 
iower side and terminating in the curve, represent by their length 
and direction the magnitude and direction of the average pressure 
exerted upon the fluid contained in a section I cm. long, 1.58 cm. 
high, and I cm. deep. Thus, these lines represent both in respect 
to magnitude and direction the normal pressure prr CWL.~ upcn the 
lower side P, -X1 of the limb of the conductor. In Fig. 4 these 
lines have been drawn so that a length of I cm. represents a 
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pressure of 0.01 of a kilogram. If we conceive the pressure act- 
ing upon the fluid in each com,partment, a, b, c, cl, etc., to be uni- 
formly distributed over each horizontal layer of the fluid in each 
compartment, the fluid will be everywhere in equilibrium on 
account of the reaction of the walls of the compartment, and it 
will be quiescent. 
We may, however, conceive that the forces represented as 
acting upon the fluid in compartments a, b, c, d, etc., are due not 
to an electric current, but to the action of gmvity upon the fluid 
FIG. 4. 
&ce on F/u/d N) Chorine/ 
/CMLonq /58 CMH/yh and 
/CM Deep See Pt, Sec. P 
in each of these compartments. To have the forces acting upon 
the fluid in the different compartments of different magnitudes, 
we have only to conceive that the fluid in the different compart- 
ments has different densities. Thus the density of the fluid in 
compartment a, for example, to give a pressure of 0.1 kilogram 
,on the lower side of this compartment, would be: 
6, = Pressure per cm.2 IO0 (980) 
100 =---=- 
Acceleration of gravity x volume 980 x I~X 1.58 
The density for compartment b would then be: 
1.58 
and similarly for the other compartments. 
VOL. ego, No. 1140-61 
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With these graded densities of the fluid in the different com- 
partments, the pressure-forces will be in all respects identical to 
the forces which are produced on a uniform fluid by the repellent 
action of the current. 
The well-known laws of the pressure of a fluid in a vessel are : 
I. “The pressure in each layer is proportional to the depth.” 
2. “ With different liquids and the same depth, the pressure 
is propo,rtional to the density of the liquid.” 
“ The pressure is the same at all points of the same hori- 
zon:il layer.” (Ganot’s Physics, art. 98.) 
According to this third law, there will be at the very bottom 
layer of the fluid in compartment a, a pressure normal to’ partition 
3 at its bottom point, equal to a force of 0.1 kilogram per cm.2 
At the very top layer of the fluid in compartment a, there will be 
zero pressure on the partition. But in compartment b there will 
also be zero pressure on partition 3 at the very top, and at the 
very botom layer a pressure of 0.054 kilogram per cm.2 This 
pressure, however, acts in the opposite direction to the pressure 
on the bottom of the partition, which has place in compartment a. 
Thus there is a resultant pressure at the very bottom edge of the 
partition between compartments a and b which is equal to 0.1 .-- 
.054 = 0.046 kilogram per cm.2 
What is true of sections a and b can be applied to all the other 
sections. The resultant hydrostatic pressures at the very bottom 
edge of all the partitions 3, 4, 5, 6, etc., are given in Fig. 4. 
Assume now that the bottom edge of partition 3 is suddenly 
raised a small distance and that the top .edge is simultaneously 
lowered a small distance, whereby a slot is opened below and 
above the partition, suddenly putting compartments a and b into 
communication. It is plain that the denser fluid in a would flow 
through the bottom slot into b, and the less dense fluid in b would 
flow in the opposite direction through the upper slot into a. This 
fluid motion would continue if gravity a.lone were acting, until 
the fluid in a is evenly divided between compartments a and b, 
and likewise with the fluid in b. 
In the case of the forces set up by electromagnetic action, the 
fluid is in reality all of the same density, but immediately any 
fluid leaves a compartment and moves to the right, it is sub- 
jected to a less force ; that is, it acts as if, in the gravitational 
case, it lost density; and any fluid which enters a compartment 
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toward the left is subjected to a greater force; that is, it acts as 
if, in the gravitational case, it gained density. The result of this 
is that, in the actual case, where the normal pressure-forces upon 
the fluid are due to the repulsion of the current in the rest of the 
circuit, and where these pressure-forces diminish in magnitude a.‘: 
the distance along the conductor from the apex of an angle 
increases, the fluid is acted upon by hydrodynamic forces which 
not only cause it to circulate, but fo circulate continuously. 
\Ve now only have to conceive that all the partitions are 
removetl, and we shall have, in the actual case, a stream of the 
fluid moving along the side PI -XI of the conductor, and a 
returning stream moving along the side X, - P,. The total hydro- 
dynamic pressure-difference between any two polints along the 
conductor which acts to maintain this flow is given by taking the 
difference of the normal pressures produced by el,ectrodynamic 
forces between these two points. This pressure-difference, for 
example, between a point located on the middle of the bottom of 
compartment n and on the middle of the bottom of compart- 
ment Y is: 
0.1000 - 0.0126 = 0.0874 kilogram per cm 
The power expended in moving the fluid from one point to 
anomther along the conductor will be P =(F, - F2) V, namely, 
equal to the difference in the pressure between two points times 
the velocity, or grams per second, of fluid which crosses in one 
direction any section of the conductor between the two points 
where the pressures are I;, and F,. This power is, of course, de- 
rived from the transformer, and, due to the motion of the fluid, 
the conductor will develop a back E.M.F., so that a greater 
E.M.F. will be required to maintain the current than would be 
the case if the conductor were a solid instead of a fluid which 
can move, and in moving do work. 
We can now give a definition of the “ motor-effect,” which 
is a reality. 
Jihen by any geometrical disposition whatever of an electric 
circuit, in which the conducting material is. a fluid capable oE 
free motion, normally acting electrodynamic forces arise in any 
section o’f the circuit which vary in magnitude from one point 
to another over a length measured along the axis of the con- 
ductor, there also arise hydrodynamic forces which can impress 
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motions on the fluid substantially parallel to the longitudinal axis 
of the conductor. 
Actual fluid motions which result from these hydrodynamic 
forces are des.ignated, for brevity, “ The Motor-effect.” 
The magnitude of the forces which give rise to a motor-effect 
may be ascertained as given in Fig. 2. The motor-effect which 
results, namely, the velocity of the fluid cons’idered both in magni- 
tude and direction, produced by the forces, cannot be calculated 
because the resulting velocity, wholly in magnitude and partly 
in direction, depends’ upon influences which act to restrain the 
flow, such a.s frictional resistance, viscosity of fluid, density of 
fluid, etc.,-and these are unknown. 
It is easy to see, however, that the forces which produce a 
motor-effect are greatest at, or very close to, the apex of an angle, 
and consequently we can assume sa,fely that the motor-effect is 
here quite considerable. The forces to produce the motor-effect 
diminish as the bath is approached, at which place these forces are 
practically nil. 
Since it has never been shown, experimentally, heretofore, that 
a motor-effect can be produced separate from and uninfluenced 
by any internal pressure-effect, apparatus was made by me and an 
experiment was performed with this apparatus which colzclusively 
demonstrated that a motor-effect can be produced apart from any 
internal pressure-effect. The experiment was made, but is not 
further referred to here. 
SECTION V 
EFFECT OF TEE MUTUAL ATTRACTIONS OF CURRENT-ELEMRNTS IN PRO- 
DUCING FLUID-MOTION. 
Because of the mutual attractions of the current-elements in 
the conductor, the electrodynamic forces act toward the axis in 
the case of a conductor of circular cross-section, and, for the mo,st 
part, normal to a median plane parallel to the length of the con- 
ductor, in the case of a conductor having the form of a narrow 
strip. These electrodynamic forces, pressing the fluid toward 
an axis or a plane, give rise, in virtue of Pascal’s Law (that 
“ Pressure exerted anywhere upon a mass of liquid is transmitted 
undiminished in all directions, and acts with the same force on all 
equal surfaces and in a direction at right angles to those surfaces8,” 
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-Gaptot’s Physics, art. g7), to hydrodynamical forces which act 
to urge the fluid, near the axis or median plane of the conductor, 
in a direction parallel to the length of the conductor. If the con- 
ductor increases in cross-section suddenly, as it does’ in our case 
where it enters the bath, the longitudinal hydrodynamic forces are 
unbalanced by any opposing force, and consequently the fluid near 
the centre of the conductor is urged in the direction of the ex- 
panded portion of the conductor. As the fluid, however, is held 
in a rigid casing, there is developed a return current of fluid which 
flows near and parallel to the walls of the casing. JVe shall call 
the hydrodynamical forces which arise from the action of the 
mutual-attraction of current-elements in the single conductor, th,e 
Zntcnztr2 Prcsszwc Forces, and we shall call any motion of the iluitl 
which results from the action of these forces, the I&cvtznl I’vcs- 
sure-rfScct. This latter has long been known as the “ Pinch 
Etiect ” (which, if carefully considered, is a misnomer). 
Th,e internal pressure forces act throughout the length of 
a conductor and are directly proportional to the mean square of 
the total current carried by the conductor. whether this be aiter- 
nating or direct, and are inversely proportional to the cross- 
section of th,e conductor. As a consequence of the fact that in 
the “ IVyatt furnace ” the conductor opens out suddenly into a 
metal pool or bath, the internal pressure-effect is very marked 
at this place, because here the internal pressure forces are ml- 
balanced by oppositely-directed forces. TIIC ~~zotor-r,ffect. 011 
the contrary, is flnr utorc v~~lzctJ m’~r thr npex of the 
I’-shqvd comfuctor. 
As a consequence, we reach the important conclusion: that 
fl?C i,r7?‘ntt f%6rnnce h’rrs tlzr: pccdiar and very practically desirable 
feature of drTvlopiny hydrodynamical forces of considcrablc 
mzg+zitztde, which give rise to fluid motions particularly at three 
points: th,e apex of the V-shaped conductor, and the two points 
where this V-shaped conductor enters the pool or bath of molten 
metal. Furthermore, the upright position occupied by the fur- 
nace effectually prevents any rupture of the circuit by the internal 
pressure-forces, and, in addition, offers the best disposition for 
any circulation of fluid which might arise from the tendenc) 
of the more highly-heated and less-dense fluid to rise. 
It should be noted in conclusion that both the motor-efiect 
and the internal pressure-effect increase \vith the square of the 
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current, and thus any increase in current will cause thes’e two 
effects to increase in the same ratio. In the Wyatt furnace, I esti- 
mate the internal pressure-force approximately 1.3 times the maxi- 
mum hydrodynamical force which gives rise to the motor-effect. 
It is reasonable to suppose that the two effects are in approxi- 
mately the same ratio as the two forces which produce these effects. 
SUMMARY AND CONCLUSIONS. 
Sectiofz I.--A formula (page 821) is developed for calculat- 
ing the mechanical forces which arise by the interaction of a tri- 
angular circuit carrying a current upon any short section o’f the 
circuit. Numerical results are tabulated (page 822) and values 
of the forces’are given in a chart. 
Section II.-Formulas are developed (page S23) for calculat- 
ing the internal pressur,e-forces in a thin strip conductor. Numeri- 
cal results are tabulated (page 824). A curve giving the pressure 
as a function of the distance from the axis of the strip is appended. 
Section III.-The assumptions made in deriving Eq. (15)) 
Section I, are colnsidered; also the assumptions made for deducing 
Eq. (6)) Section II. 
Section IV.-The exact meaning and a definition o’f the ~zotor- 
cfect is given. It is shown also that such an effect actually exists 
and assumes considerable importance in th,e “ Ajax-Wyatt fur- 
nace.” A cha.rt (Fig. 4) is given which shows the magnitude of 
the forces which produce the motor-effect. A new experiment 
is referred to which conclusively pro,ved that the motor-effect not 
only exists, but may be manifested apart fromm, and independent 
of, any internal pressure-effect. The effect of the mutual attrac- 
tions of current-elements in producing fluid motion are generally 
considered, and the internal pressure-effect is defined. 
The important conclusion is reached that the Ajax-Wyatt 
furnace secures both the idernal pressure-effect and the wzotor- 
affect in an advantageous way for obtaining practical results. 
It is further pointed out that the securing of these two effects at 
widely-separated sections of the conductor is a valuab!e and, as 
far as the writer knows, a novel result in furnace construction 
of the induction type. 
